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ABSTRACT

The Ryan radar scatterometer was uséd to obtain data over the
Pisgah Crater area in California. Nearly all the information in the o,
versus 68 curves was retained when the curves were represented by two
straight line segments: one from 5 to 20 degrees and the other from 40
to 60 degrees. Areas of different geological type could be separated
on the basis of slope-~intercept values from the lines, though grouping
patterns for each line were different. These' grouping patterns may pro-
vide information on surface roughness.

Aircraft flight deviations produce errors in 9 magnitude, errors
- in'8, and errors in the assumed position of the resolution cell. Factors
are given to correct for the primary aircraft motions.



Analysis of Scatterometry Data
From Pisgah Crater

Introduction

Radar return has been used to obtain information about the earth
terrain for only the last few years. At first; radar images of poor photo-
graphic quality were all the analyst had to interpfet, and althougﬁ thes’é
images were made by systems not intended for terrain analysis, théy bro-—
duced results. This spurred the interest of many people to develop new
systems and techniques for determining terrain prOper‘t‘ies with electro-
magnetic waves. Though built to obtain design data for lunar landing
_radars, the Ryan radar scatterometer has 'many features which make it

(1)

The Ryan scatterometer can measure the radar backscattering cross

attractive for remote sensing.

section per unit surface area (co‘) of various types of earth terrain for all
angles of incidence (8) out to + 60 degrees from vertical. These measure-
ments are made simultaneously by a single recording of the echo signal
from the terrain and are separated into angular components using the
doppler frequency in conjunction with knowledge of aircraft velocity and
altitude.

This report presents the results of one flight (mi‘ssion 21, fight 5)
made with the Ryan scatterometer over the Pisgah Crater area in California
on April 5, 1967. The data are correlated with 14 distinct geological areas
along the flight path. In addition, correction factors have been derived
which can be applied to the scatterometry data to correct for undesirable

“aircraft motion and for known earth profile changes.



System Operation

The Ryan scatterometry system uses a unique pro-cess-for obtain-—
ing the 0, Versus 0 curves. The equiprrnent‘arid, méthods are discussed in
the following paragraphs. ) , S

A 1.5-watt klystron generates continuous -wave electromagnetic energy
at a frequency of 13.3 GHz which is transmitted from the aircraft through an
antenna with a Dolph-Chebishev design. An identical receiving antenna
collects the energy reflected from the ground. The two-way antenna patterns
have a very wide beamwidth of approximately 100 degrees along the flight
path (see fig. 1) and a narrow 2.5 degree beamwidth across the flight path.*
The antennas have low side lobe levels, are vertically polarized, and their
patterns are centered on the vertical axis of the aircraft.

‘ The energy collected from all angles by the receiving antenna is
doppler coded by virtue of the aircraft motion and therefore contains the
necessary information for 8 separation. This received signal is detected
by a directj-to—audio technique, amplified, and recorded on an FM tape
" recorder. The tapes are then available for processing at a later date.

Processing the tapes consists of playing the tapes back through a
single sideband modulator to shift the doppler spectrum up to a carrier
frequency or angle. The incidence angles for which the comb filters are
setare + 5, +10, + 15, + 20, + 30, + 40, + 50, and + 60 degrees. The
bandwidth of each filter is set such that the resolution cell lengths along
the flight path are identical and the 30 degree incidence angle resolution
cell is square. The outputs from the filters are fed into an analog-to-digital
converter and then into a digital computer. The computer program was
written to give an output of o o Versus 8 for consecutive resolution cells
along the flight path at the previously mentioned 8 incidence angles.

* After the data for this paper had been computer processed, it was found
that o_ at the aftbeam 60 degree incidence angle was in error. This was
due to’a corresponding error in fig. 1, the antenna gain pattern, and was
caused by the shape of the aircraft upon which the antennas were mounted.



The computer program does not include % corrections for unde-
sirable aircraft motion or for measurable slope changes of the terrain along
" the flight path. This requires that flights be made under near perfect conditions
for minimum o, error. The effect of some of this undesirable aircraft motion

is discussed in the next section.



Scatterometry Measurement

Before becoming involved in the manipulation of data, a check
should be made on the statistical fluctuation of individual measurements.
In particular, the number of indepéndent samples n, occuring during the time
for the radar to pass through a resolution length £ should be calculated.
This is given by ) -

n, = TIME TO TRAVERSE ¢
TIME/SAMPLE

?%(V = 44/Ns
1/4Afs v

where V is the aircraft velocity and Af.s is the width of the processing

filter. Using the data from this flight, n, was found to vary from 1090 at
5 degrees to 138 at 60 degrees. This does provide an adequate limit for the
statistical fluctuations. |
It was assumed on all the scatterometry flights that only minor
- deviations were present in the aircraft flight path and in the slope of the
terrain uhder investigation. This assumption enabled the analyst to use a
constant range value for each angle of incidence in calculating Go' How-=+
ever, there are a number of undesirable aircraft motions which can affect
the accuracy of the Go versus 8 measurements. Correction factors can be
found and applied to the data for each motion type or, if not applied, can
give the analyst some idea of the data accuracy and explain some of the
random fluctuations in the data.

There are three ways in which aircraft flight deviations produce
errors. They are: a) error in o, magnitude, b) error in 8, and c) error in
the assumed position of the resolution ce{ll. The error in o, magnitude due
to range errors is small enough to be neglected under normal operating
conditions (see table 1). Of the three error types, the error in the assumed

"position of the resolution cell may be the most serious when only small homo-
geneous areas are preseni on the terrain under investigation. It could be
possible to miss small geological areas entirely or to locate their responses
in the wrong place. ' ‘

The error in 8 can affect data accuracy at all incidence angles. The
slope in the 00 versus 6 curve may get as high as 2 or 3 db per degree at



the 5 degree incidence angle for certain typésof terrain. @) Thus, for
example, only a small error of 3 degrees in 8 could produce 6 to 9 db error
in 05 The slope in the o, versus ) cu‘rve falls off when 6 increases past
5 or 10 degrees. However, the antenna pattern is angle sensitive and
becomes most severe for a 60 degree angle, though still present in varying
amounts for angles between 10 and 50 degrees (see'ﬁg; 1).. The twoéway ’
antenna gain pattern has dips and peaks over its lOQ-degree bea_mwidth.‘
The slopes lie in the neighborhood of + 0.5 to 1.0 db per degree and for
angles greater than 50 degrees the slope is approximately -1.0 db per degree.
An error of 5 degrees in 8, for example, would givé a5db errof in % at
the -lar ge incidence angles.

Unfortunately, much of the same sensitivity is produced by the
slope of the terrain as well as by the aircraft motion discussed in the
following paragraphs. Example calculcations are given in Table I for all

V
) Iy
7 \\\ dl

the error types.

Vertical Change

I'd

MK‘/ Resolution Cell

For the figure above, let;
| V = Velocity ;
h = Height of antennas above terrain -
M = Change in height '



R = Slant range from antennas to resolution cell center
w = Resolution cell width

/= Resolution cell length

L = Horizontal distance to center of resolution cell
ei = Incidence angle

# = Angular width of the resolution cell
Aei = Angular length of the resolution cell at some 8 i

a) 9, correction factor:

The range (R) and resolution cell length (¢) and width (%) under normal
operation conditions are given below:

R= h /Cos B¢
w= 2 R Tan @4 = Z,(V\/COS O:) Tan %4
L= [Tan (6, +480/2) = TAN(8:-86:/2)]
The range and resolution cell length and width after a change in height of
Ah are:
Ran=™ (h+ AW /Cos 6,
Wan = L(h+an) (\/cos 6.) TAN %
pn = 2 Ont AR [Tan (8 + A0/2) - Tan (8- 20L/2)]

The radar equation is:
3 ¢
_ BRlEM R
2 T .
P &G N AL

Where: Pr = Received signal power

(=}

Pt = Transmitted signal power
Gi = Gain of antenna in direction of ei

A = Wavelength of transmitted signal

Ai = Area illuminated

= w/, assuming constant gain over the resolution cell area
Thus, the correction factor for ¢ becomes:
(Dar = RYwan
Oo R* /i
= (b +\,\A h)"

b) Resolution cell location:



Under normal conditions the distance from the center of the resolution
cell to the point directly below the aircraft is given by:
L =h TAN Bi ,
with a height change of Ah this distance becomes:
LAh= (h + Ah) TAN G‘i
or the resolution cell has moved AL to a new location where:
AL:LAh -L = sh TAN Gi

Lateral Movement

a) There is no correction factor needed for o for lateral movement of the
aircraft. ; P . BT

b) The resolution cell moves by the same amount of the lateral movement.

Pitch ,

a) The error in oy due to pitch is produced in the same manner as that for

an error in Bi. The doppler frequency~ coding ;nsures the proper 1n01dence,

angle on flat terrain regardless of the pitch angle. The antennas are flxed on
' the sides of the aircraft so that pitch would tend to rotate the antenna beam

through the resolution cell. The error in oy is approx1mately i 0 .5 to 1.0 db

per degree of pitch for incidence angles between 10 to 50 degrees and -1.0 db

per degree for the 60 degree angle ofyinciden‘ce . Also, the changee in Oq will

be opposite for the same angle in the fore and aft beams thus magnifying the

difference in the two beams .

b) As mentioned above, the dopder coding insures no movement of the reso-

lution cell with changes in pitch angles.

Crab

% gi |
R
/ L ~ S
T *\\

8.

Constant
Doppler
Line

R -

F——I?N Resolution Cell

-




Under normal operating conditions when there is no crab (\I(= 0), the
doppler frequency f can be expressed by:

f= Z,\/ Sin B¢

When crab is present in the aircraft flight, the expression for doppler
frequency must be modified to account for the hyperbolic shape of the
constant doppler lines fore and aft of the aircraft. Crab results in the
beam reaching out a little farther and the incidence angle is increased.
When ¥# 0, |
f= 2V Ly Cos V¥
~ Ry

Since the resolution cell travels on a constant doppler line, the

two expressions for doppler frequency must be equal.

$ = 2V SING;, — 2V L‘P Cos ¥
~ A Py

or

S\N@\v___ M

ny Cos V¥

and the new incidence angle is:

o, = S,J'ES\MGL
¥ Cos ¥

The results of such an incidence angle change has been discussed previous-
ly.
a) o, correction factor

The range (Ry) and resolution cell length (/\I) and width () when T# 0 are;

A 1
= Cos Y 72
R\V. h [Cosz ¢ —S\Nzelj

2 b
Wy = 2 Ry TAN %y = ZJ’\{COS hd r Tan %y,

Cos®y —Sin%0;



1

i

and the correctlon factor for o* becomes

( \ (Cos Veos'o: ] s 9<p SwtB6; ]
o, ; Cos” ¥ -Sin%0; s “o; S.M AQ«/Z

The location of the resolution cell with aircraft crab is:

= h Sin6e ]
(Cos®y—Sin"B)™"

b) Resolution cell location:

which is

% = LWSH\\\V = h’SIN@L"S\MW s
| (Cos™ ¥ —Sim©)"-

away from the flight line. The along- trac']é displacement is

AL = lh S B, Cos e

Tt B

(Cos '+‘ Sl Q)V?"

 Constant = :
Doppler




As with crab, roll causes the incidence angle to change. The
expressions for the doppler frequency with and without roll are:

[ 27_\\_/ Sin B

-1 i
A =4
Equating the two expressions under constant doppler frequency conditions
give:

f =2 sinBy =2V SlN{Cos’K /Cos S ]
or
Rg Cos §

and finally, the new incidence anglé 98 is

6 = Cos [(Cos@, Cos §]

a) o ° correction factor

The range (Réj;') and resolution cell length (Ig) and width (wg) when £ # 0 are;
Rg = _____b___,___
Cos § Cos B

Cos $
b

2h TAN B4
Cos®¢ Cos 6,

h C’T‘A,N(@e; + A@a/z) - TAN (Q? —AQ&AB
h Sid AB

Coszeg ~ SINTAB

il

i

and the correction factor for o, becomes:

(%)

— ( | } Cos® Og — SINCABL 4
X Cos®¢/(Cos? O, — SNTA0,5

11.



Note that the resolution cell is no longer square and since the product of
the cell length and width is not the true cell area, the ‘c’ro c‘orrec':tionﬁf‘a‘étor
is only approximate.

- b): Resolution cell location

The location of the resolution cell with aircraft roll is:

- \,\‘( Cos 9 COS 2’)/2‘
‘Ckos ‘3" Cos 6;

which is;
= h TAN ?

away from the flight line. The along-track diSplaéement 1s

AL = \(\TANQZ;

Co\s_ ‘; N ‘J

Location of errors on data

The data is presented as oy versus o curves for each re solutlon
cell. As described earller, the oy values are measured at dlfferent times
as the aircraft flies along to produce the different incidence angles. Thus,
a malfunction of the equipment (i.e., power failure, recording dropout, etc.)
or aircraft motion error will affect the Oy values at all fore and aft incidence
angles at one particular time. The results of such errors will appear as a false
signal on a number of ¢ ” versus § curves at differefit angles. In order to
look for such false signals, the resolution cell shift with 8 must be known.
The horizontal distance from the aircraft to’the resolution cell has been
given as:

L= h Ta~ GL
or

h TAN 9 = number of resolutlon cells to sampllng point

For the Pisgah Crater data, the values for the aircraft height and distance (d)
between centers of adjacent resolution cells were 4,000 feet and 216 feet
respectively. The following table can be completed:

12,



] L, feet n, cells
£ L o

5° 348 1.6
10° 705 3.26
15° 1072 4.96
20° 1456 6.8
30° 2310 10.7
40° 3358 15.52
50° 4760 22.04
60° 6930 32.06

To determine the results of a malfunction or aircraft motion error, a search
" must be made for each 8 at the indicated cell (n) fore and aft of the error
point.

13.



DATA ANALYSIS

'Pisgah Crater has been of interest to remote sensing specialists for a num-
ber of years due to its varied geologic formations and lack of vegetation.
' This area has been a preferred testing site for NASA because it may possibly
simulate conditions found on the lunar surface. For these reasons, a flight
identified as Mission 21, Flight 5, Line 1, Rlin 3, was made with the Ryan
scatterometer over Pisgah Crater. o

Pisgah Crater was divided into 14 areas along the flight path by
geologic composition (see fig. 2). These are l;sted in Table II. The scat-
terometry data obtained at 8 incidence angles from this flight are shown as
forebeam data, figs. 3 and 4, and aftbeam data, figs. 5 and 6. The geo-
logic areas in figs. 3-6 are indicated by number which correspond to those-
in Table I and the identification number references the data fo the original’
o, versus 9 curves (see fig. 7 for typical curve pair). Each identification -
number refers to data taken over a two resolution cell length.

The data»were reduced by assuming that the o, versus 8 curves could
be formed in straight line segments similar to that of fig. 7; one from 5 to
20 degrees, another from 40 to 60 degrees, with the 30 degree Oq value
nearly the same as that of the 40 degree Oy Slope and intercept values were
obtained for each of the straight line segments; a zero degree intercept value
wasg used for the 5 to 20 degree line and a 50 degree intercept value used for
the 40 to 60 degree line, The results of these measurements are shown in
figs. 8-11 for the forebeam and aftbeam.

Results

The reflectance of electromagnetic energy from terrain is primarily
quasi- s‘pecular at vertical incidence (near zero degrees) and represents the
effects of both the electrical properties of the material and the surface rough-
ness. At the large incidence angles, the reflectance from terrain is diffuse
and is determined primarily by surface roughness .4 However, the surface
roughness affecting measurements at large and small incidence angles may
not be of the same magnitude and type. A quasi-specular reflectance region
will give a larger o, near vertical incidence and a smaller o, at large inci~-
dence angles than corresponding measurements made over a diffuse reflec-
tance region.

14.



The cross-over region between vertical type reflection and non-vertical
type reflection is readily determined from the data as the angle for which 9% is
insensitive to changes in the type of terrain. This cross-over region can be

.interpreted as the break point between quasi-specular and diffuse reflectance.
From the forebeam data (figs. 3 and 4) this cross-over region is approximately
13 degrees and does not seem to change much during the entire run. The cross-
over region between vertical type and non-vertical type reflection for the aft-
beam data is approximately 11 degrees and again is relatively constant over the
entire run. The difference in the forebeam and aftbeam cross-over region sug-
gests either an equipment misalignment, the antennas for example, or a natural
geologic alignment. Such an alignment might be caused by erosion from rain
or prevailing winds, or by the lava flow itself. If it can be found that the dif-
ference does not have a geologic origin, the cross-over region may have use
as a calibration or reference point. Even if there is a geologic origin for the
forebeam-aftbeam cross~-over region difference, it may still be used to check
for gross errors if it can be shown to vary 2 degrees or less over all terrain as
indicated from this test.

The results of plotiing slope versus the zero degree intercept for the 5
to 20 degree forebeam line is shown in figs. 12 and 13. It can be seen from
fig. 12 that certain areas can be separated by merely using information from
the first 20 degrees of the 0, versus 8 curves. The slope-intercept values
clearly separate playa lake sediment (area 14) and alluvial material (areas 1
and 3) from the basalt flows and cinder cone area, Areas 1, 3, and 14 have
been further divided into smaller pieces to show that even though an area is of
one geologic type, it may not be uniform throughout in its % measurements. Fig.
13 shows in more detail the porphyritic olivine basalt flows and suggests that
the material in these areas, though separable to some extent, have similar
surface roughness and electrical properties.

The 40 to 60 degree slope values are plotted versus the 50 degree inter-
cept values in fig. 14. As seen in this fig., there appears to be far more con~
trast in the geological areas defined by the large incidence angle 0, measure-
ments than by the small incidence angle 0, measurements of figs. 12 and 13.
Of particular interest is the manner in which the 40 to 60 degree slope-intercept
plot shows consecutive geologic areas blended into each other in order of
appearance across the flight line. The overlap of areas shows that there are
transitions between adjacent areas instead of an abrupt dividing line.

15.



Fig. 15 shows the large and small scale roughness rankmg of the

_14 geological areas. This fig. was prepared from estlmates made by people

familiar with the Pisgah Crater area terrain and is not as prec:1se as that
which could be obtained from a rigorous roughness study However the
roughness rankmg shown in fig. 15 has definite similarities ‘with the slop~
intercept patterns in figs. 12-14 obtamed from the scatterometry system
In particular, note the similarity in the large scaIe roughness rankmg of
fig. 15 with the 50 degree 1ntercept ranking of f1g 14,

There are some spots in the data that appear to be 1n error and -
suggest other problems. Because of the laok of. supportmg ev1dence ,
these spots are merely listed below with a short discussion of the ‘
suspected problem. The comments are included in this paper to suggest
improvements which can be made in the data gathermg process and as a
guide to future processing of scatterometer data.

a) Reference identification numbers 120—130 in aftbeam data

and 105-120 in forebearn data of figs. 3-9. There is an
-abrupt changeqin the data that does not occur at the svame
place for the different incidence angles. This suggests that
the resolutlon cell location changes with angle.

b) The terrain tends to slope away from the cinder cone, area 5.

However, not all the differences in the forebea-m and aftbeam

data can be correlated with this slope. For example, compare

the forebeam and aftbeam oy for area 12. If the area is homogen-
eous, it should have the same o values in both directions

with only statistical fluctuations appearlng as dlfferences between
the two beams. This was also pointed out earlier in oonnectlon
with the cross-over region between vertical type and non—vertloal
type reflection, and it was suggested that the difference may be
‘caused by the scatterometer system itself. If, on the other hand,
the area is not homogeneous , its o, values may be dlfferent in
both directions because of roughness patterns.

c) Reference identification numbers 120-135 of forebeam o curves,
figs. 3 and 4. There is a peak in the cro Values starting at
identification number 121 at the 5 degree incidence angle, appears
slightly later for consecutive 8 curves , and ends at identification

16.



number 133 at the 50 degree incidence angle. This shift
with incidence angle has the same order and magnitude as
described in the section titled, "Location of errors on data”.
This may be a false signal recorded in the aircraft at the time
the Pisgah Crater flight was made.

17,



' CONCLUSIONS ) ;

The following conclusions are based oh the calculations ahd test
data in this paper. : E

a) The error in oy magnitude dueto range errors produced by air-
craft flight deviations is small enough to be neglected under
normal operating conditions.

b)‘ The error in 6 and the error in assumed position of the resolution
cell produced by aircraft flight deviations can become serioﬁs
under certain conditions and should be investigated for each
flight.

c) The cross-over region between vertical type and non-vertical type
reflection is approximately 13 degrees for the forebeam and 11
degrees for the aftbeam. This cross-over region may prove useful
as a calibration or reference angle.

d) Nearly all the o, Versus 8 curves could be represented by two
straight lines to reduce the bulk of the data.

e) 'The slope-intercept values extracted from the linearized o,
versus 6 curves show similar grouping patterns to those from
surface roughness and can be used to differentiate areas of
different geologic type.

The results of the scatterometer measurements over Pisgah Crater
indicate a high degree of success in separating areas of differing geologic
type. It is doubtful that any remote sensing system can be found which
will correctly identify soil or rock types 100 percent of the time. However,
it may be possible to narrow the field down to a "group identity" by the process
of elimination. It is only when more and more tests are made and analyzed
that the similar can be set apart from the genuine.

18,



REFERENCES

Floyd, W. L. "R F Reflectivity Measurements, Final Report”, Ryan
Aeronautical Company, Report No. 29174-9, April 1966.

Moore, R. K. "Radar Scatterometry -- An Active Remote Sensing Tool",
- CRES Report No. 6l-11, University of Kansas, Lawrence, Kansas.

Lundien, J. R. "Terrain Analysis by Electromagnetic Means; Radar Responses
to Laboratory Prepared Soil Samples Report” U.S. Army Engineer
Waterways Experiment Station, C.E., Technical Report No. 3-693.

Rouse, J. W. Jr«, W. P. Waite, and R, L. Walters "Use of Orbital Radars
for Geoscience Investigations®, CRES Report No, 61-8.

19.



Sk | LOT |9z 78 | 9¢ 6 71 |s |1 19931 "V
7401 | SO |sbe || zioT | SOZ | 8we  ||z£0T] S04 8¥¢ 1091 ‘X
0824 | 0404 |0469 || 0292 | 0S¥z | 9SET |{1e1l| 164 | 96V 1oey 31
T S I 0 0 0 olo ] o ap *®0/ 3(Co)
1°191 §109°7 1°09 || z°ee| S°Tg| S"0€ [B'ST|2"11| 1°L sea1bop ‘3g
st ot | g ST ot g st} or| s so0169p '3
10¥
068 | 0se |o0s |loe et | 8 e |7 Z 1001 'V
19607| 7821 | P19 || 929 | 60v | z0Z |[¥6 |9 | 1€ 1993 ‘X
-0018| z6€L [0¥0LZ || 0Zhe | 8S€z| zzez|| €9¢] sse| 1S¢E 1o03 P
o : ,0, , MO
6%°0| 02°0 |£0°0 [|¥0°0 | 20"0| 710°0|| O | O | O ap o/ A%
§°€9| 9°19 {€°09 || z°1¢ | s*0e| 1°0¢€|{2"S|T1°S| 0°S seaibep @
stj. ot ) s @ SI 01 1 ST | 01 S sooibep ‘A
qgerd
§*598 |z 9%e |1 €41]|S 882 P STT | £ LS [ ev [P L1 478 jo01 'V
(o] O
Z0'T|zZv*0 | 12°0|| zo'1|2v 0| 1Z2'0{[0°T g¥*n|12°0 qp "o/
00S | 00z | 001|| o00S| 00% 001|| 005002 | 0OT 19931 'UV
J09 =0 oS08 =8 o5 =8 t9BueYD TROTIIOA

(epmatite *11 000%)
SNOILVNOT QIAIYIA WOHd SNOILVINDTVO TTINVXE

I VL

20.



Area 1
Area 2

Area 3
Area 4
Area b
Area 6
Area 7
Area 8

Area 9
Area 10
Area 11
Area 12
Area 13
Area 14

TABLE II GEOLOGIC NAMES OF AREAS

Alluvial material »

Porphyritic olivine basalt flows of second eruptive phase
plus windblown alluvial material

Alluvial material

Microporphyritic olivine pasalt flows of first eruptive phase

Cinder cone

Porphyritic olivine basalt flows of final eruptive phase

Porphyritic olivine basalt flows of second eruptive phase

Porphyritic olivine basalt flows of secondary eruptive phase,
faulted area

Porphyritic olivine basalt flows of second eruptive phase

Porphyritic olivine basalt flows of final eruptive phase

. Porphyritic olivine basalt flows of second eruptive phase

Microparphyritic olivine basalt flows of first eruptive phase
Lake sediments and basalt
Playa Lake sediment
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Scatterometer Mission 21, Flight §, Line 1, Run 3 -- Flight Information

Altitude ~- Between 4000 and 4200 feet
Ground Speed -~ 160 knots :
Drift -~ 1,0 degr ee left (average)
Resolution Cell Length -- 202 feet

fen]
Lass]

IDENTIFICATION NUMBER 101

T B
-10 B T " Y.
Q @ I
Pd \\\
;o ~15 r“;\ -
~20
Forebgam
-25 - S S E— .
0 10 20 30 40 50 60 70
8., Degrees
Legend;

[ First of 2-resolution-cell pajr
® Second of 2-resolution-cell pair

Example of oq vs 8 curve
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Playa Lake Sediment
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Alluvial Material
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Porphyritic Olivine i SLOPE INTERCEPT PATTERNS
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Figure 12.
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SLOPE-INTERCEPT PATTERNS
PISGAH CRATER

FOREBEAM 400 — 60°
(M21-F5-L1-R3) ‘

-.7 f

Slope

O - T ; 1 T T ¥
-10 =12 -14 -16 -18 -20

50° Intercept, db

Figure 14.
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Figure 15.
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